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Abstract. Context-aware technologies allow Ambient Assisted Living systems 
and applications to automatically obtain information from users and their envi-
ronment in a distributed and ubiquitous way. One of the most important technolo-
gies used to provide context-awareness to a system is Wireless Sensor Networks. 
This paper describes last improvements made on ALZ-MAS, an Ambient Intelli-
gence based multi-agent system aimed at enhancing the assistance and healthcare 
for Alzheimer patients. In this sense, a new ZigBee platform is used to improve 
ALZ-MAS. This platform provides the system with new telemonitoring and locat-
ing engines that facilitate the integration of context-awareness into it. 
Keywords: Multi-Agent Systems, Ambient Intelligence, Context-Awareness, 
Wireless Sensor Networks, Real-Time Locating Systems, e-Healthcare. 
1   Introduction 
Dependence is a permanent situation in which a person needs important assistance 
from others in order to perform basic daily life activities such as essential mobil-
ity, object and people recognition, as well as domestic tasks [2]. There is an ever 
growing need to supply constant care and support to the disabled and elderly, and 
the drive to find more effective ways of providing such care has become a major 
challenge for the scientific community. In this sense, Ambient Intelligence (AmI) 
is an emerging multidisciplinary area based on ubiquitous computing, which 
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influences the design of protocols, communications, systems and devices, propos-
ing new ways of interaction between people and technology, thus adapting them to 
the needs of individuals and their environment [13]. 
One key aspect in any AmI-based system is the use of context-aware technolo-
gies. The context is defined as any information used to characterize the situation 
of an entity, which can be a person, a place or an object [3]. This information is 
important for defining the interaction between users and the technology that sur-
rounds them. However, it is not enough to gather information about the context, 
but that information must be processed by self-adaptable and dynamic mecha-
nisms and methods that can react independently of each particular situation that 
arises. In this sense, Multi-Agent Systems (MAS) [14] comprise one of the areas 
that can contribute expanding the possibilities of Ambient Assisted Living [8]. 
Furthermore, most of the context information can be collected by distributed sen-
sors throughout the environment and even by the users themselves. Wireless Sen-
sor Networks (WSN), such as ZigBee [15], are more flexible and require less 
infrastructural support than wired sensor networks [9], avoiding the need of wiring 
homes or hospitals and decreasing the costs and drawbacks of the setup phase. 
This paper describes the new changes introduced into ALZ-MAS [1], an Ambi-
ent Intelligence based multi-agent system aimed at enhancing the assistance and 
healthcare for Alzheimer patients in geriatric residences. An essential aspect in 
this work is the use of Wireless Sensor Networks to provide the agents with auto-
matic and real-time information of the environment and allow them to react upon 
it. Therefore, these new changes include the integration of n-Core [7], an innova-
tive wireless sensor platform, to improve the context-awareness of the system with 
better and new telemonitoring and locating techniques. 
The problem description that motivated the development of ALZ-MAS is pre-
sented in the next section. Then, it is described the basic components of ALZ-
MAS and the new changes introduced in the system to provide its agents with im-
proved context-aware capabilities. In addition, it is explained some experiments 
made to evaluate the performance of the system applied to a real scenario, as well 
as the obtained results, comparing the previous version of ALZ-MAS and the new 
release presented in this paper. Finally, conclusions are depicted. 
2   Problem Description 
Ambient Intelligence offers a great potential to improve quality of life and sim-
plify the use of technology by offering a wider range of personalized services and 
providing users with easier and more efficient ways to communicate and interact 
with other people and systems [13]. Among the general population, those most 
likely to benefit from the development of these systems are the elderly and de-
pendent people, whose daily lives, with particular regard to healthcare, will be 
most enhanced [11]. Dependent people can suffer from degenerative diseases, de-
mentia, or loss of cognitive ability [2]. However, the development of systems that 
clearly fulfill the needs of AmI is difficult and not always satisfactory. It requires 
a joint development of models, techniques and technologies based on services. 
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As mentioned before, one of the key aspects for the construction of AmI-based 
systems is obtaining information from the context through sensor networks. The 
context includes information about people and their environment. The information 
may consist of many different parameters such as location, building status (e.g., 
temperature), vital signs (e.g., heart rhythm), etc.  
Sensor networks are presented as an optimal technology for obtaining 
contextual information. Wired sensor networks, such as X10, LonWorks or KNX, 
are not as flexible as wireless sensors networks, such as ZigBee, and require more 
infrastructural support [9]. The ZigBee standard [15] operates in the 868/915MHz 
and 2.4GHz unlicensed bands. ZigBee is designed to work with low-power nodes 
and allows up to 65,534 nodes to be connected in a star, tree or mesh topology 
network. There are several telemonitoring healthcare developments based on 
Wireless Sensor Networks [6, 12]. However, these developments do not take into 
account their integration with other systems or architectures and are difficult to be 
adapted to other different scenarios. 
Furthermore, the information obtained must be managed by intelligent and self-
adaptable technologies to provide an adequate interaction between the users and 
their environment. Agents and Multi-Agent Systems are one of these technologies. 
Agents have a set of characteristics, such as autonomy, reasoning, reactivity, so-
cial abilities, pro-activity, mobility or organization which allow them to cover 
several needs for Ambient Assisted Living environments, as they possess the ca-
pability of adapting themselves to the users and environmental characteristics [5]. 
Multi-agent systems and architectures based on intelligent devices have recently 
been used to provide assistance to elderly and dependent people [8]. Although 
these applications expand the possibilities and stimulate research efforts to en-
hance the assistance and healthcare provided to elderly and dependent people, 
none of them integrate intelligent agents, distributed and dynamic applications and 
services approach or the use of reasoning and planning mechanisms. 
3   ALZ-MAS: An Alzheimer Healthcare Multi-Agent System  
ALZ-MAS (ALZheimer Multi-Agent System) [1, 10] is a distributed multi-agent 
system designed upon Ambient Intelligence and aimed at enhancing the assistance 
and healthcare for Alzheimer patients living in geriatric residences. The main 
functionalities in the system include reasoning and planning mechanisms [4] that 
are embedded into deliberative BDI (Belief-Desire-Intention) agents, and the use 
of several context-aware technologies to acquire information from users and their 
environment. The current version of the system, ALZ-MAS 2.0, makes use of 
FUSION@ (Flexible User and ServIces Oriented multiageNt Architecture), an ar-
chitecture that combines a SOA approach with intelligent agents for building 
highly dynamic Ambient Intelligence based systems [10]. 
As can be seen in Figure 1, ALZ-MAS structure has five different deliberative 
agents based on the BDI model (BDI Agents), each one with specific roles and 
capabilities: User Agent, SuperUser Agent, ScheduleUser Agent, Admin Agent and 
Devices Agent. In ALZ-MAS, each agent integrates its own functionalities into 
their structure. If an agent needs to perform a task which involves another agent, it 
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must communicate with that agent to request it. So, if the agent is disengaged, all 
its functionalities will be unavailable to the rest of agents. Another important issue 
is that the reasoning (CBR) and planning (CBP) mechanisms are integrated into 
the agents. The main problem with ALZ-MAS 1.0 was the efficiency of the com-
putational planning processes as well as the integration with other existing archi-
tectures. This way, the main components of ALZ-MAS 2.0 were modeled as 
distributed and independent services by means of FUSION@, releasing the agents 
from high demanding computational processes. FUSION@ proposes a new per-
spective, where Multi-Agent Systems and SOA-based services are integrated to 
provide ubiquitous computation, ubiquitous communication and intelligent inter-
faces facilities. As can be seen in Figure 1, the FUSION@ architecture defines 
four basic blocks: Applications, Services, Agents Platform and Communication 
Protocol [10]. Besides, there are seven pre-defined agents that provide the basic 
functionalities of the architecture: CommApp, CommServ, Directory, Supervisor, 
Security, Admin and Interface. Interface Agents were designed to be embedded in 
users' applications and are simple enough to allow them to be executed on mobile 
devices, such as cell phones or PDAs. 
 
Fig. 1 Schema of the ALZ-MAS 2.0 system 
Agents in ALZ-MAS 2.0 [10] collaborate with context-aware agents that em-
ploy Radio Frequency IDentification (RFID) [1], Wireless Sensor Networks and 
automation devices to provide automatic and real-time information about the envi-
ronment, and allow users to interact with their surroundings, controlling and man-
aging physical services (i.e., heating, lights, switches, etc.). All the information 
provided is processed by the agents, specially the Devices Agent which is a BDI 
agent that runs on a workstation. All hardware is someway integrated with agents, 
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providing automatic and real-time information about the environment that is proc-
essed by the agents to automate tasks and manage multiple services. 
The configuration used in ALZ-MAS 2.0 consisted of an RFID transponder 
mounted on a bracelet worn on the users’ wrist or ankle, several RFID readers in-
stalled over protected zones with an adjustable capture range up to 2 meters, and a 
central workstation where all the information is processed and stored. These RFID 
readers were installed over the doors accessing to restricted zones so that the sys-
tem could detect when a user was trying to enter a forbidden area according to the 
user's permissions. Nevertheless, this configuration does not allow knowing the 
exact position of each user in real-time. Moreover, this approach requires gather-
ing information from two distinct sensor networks: an RFID network for detecting 
unauthorized accesses and other ZigBee network to obtain information of the en-
vironment from different sensors, such as temperature sensors, light sensors, as 
well as smoke and gas detectors. Thus, the new ALZ-MAS 2.1 has been improved 
with the integration of an innovative ZigBee platform into the system to provide it 
with enhanced telemonitoring and new locating features. 
3.1   Improving the Context-Aware Technologies Used in 
ALZ-MAS 2.0 
As mentioned before, ALZ-MAS 2.0 used a combination of RFID and ZigBee 
technologies to obtain context information. This way, while RFID tags and readers 
was used to allow the system to detect unauthorized accesses to restricted areas, a 
ZigBee network was used to provide the system with sensing capacities. Neverthe-
less, the new ALZ-MAS 2.1 uses just ZigBee devices to obtain both users' loca-
tion and other context information. 
Figure 2 (left) shows the ZigBee devices used in ALZ-MAS 2.1 to control heat-
ing, lights, door locks, alarms, etc. These devices, called n-Core Sirius-A, have 
both 2.4GHz and 868/915MHz versions and have several communication ports 
(GPIO, ADC, I2C and UART through USB or DB-9 RS-232) to connect to dis-
tinct devices, including a wide range of sensors and actuators [7]. This way, it is 
deployed a mesh of these devices to control all these services. n-Core Sirius-A de-
vices are part of the n-Core platform (http://www.n-core.info), which offers a 
complete API (Application Programming Interface) to access all its functional-
ities, including telemonitoring and locating engines. This API can be easily ac-
cessed as a Dynamic Link Library (DLL) from different languages and platforms, 
such as C/C++, .Net, Java or Python. Thus, it can be used different locating tech-
niques using Sirius A devices as readers and Sirius B devices, showed in Fig. 2 
(right), as tags carried by patients and medical personnel. Sirius B devices are 
small enough to be carried by a patient, a caregiver or even an object, and provide 
a battery life of up to two years. 
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Fig. 2 n-Core Sirius A (left) and Sirius B (right) devices used in ALZ-MAS 2.1 
In ALZ-MAS 2.0, the system could only know in which room each user was, 
because location was based on knowing which door (i.e., RFID antenna) a user 
was passed through. In ALZ-MAS 2.1 the location of users is given as coordinated 
points obtained from the locating techniques provided by the n-Core API. All in-
formation obtained by means of these technologies is processed by the agents. 
Nonetheless, thanks to the architecture of the system, it was not necessary to in-
troduce any change into the agents' reasoning mechanisms. Depending on the sys-
tem requirements, several interfaces can be executed. The interfaces show basic 
information about nurses and patients (name, tasks that must be accomplished, lo-
cation inside the residence, etc.) and the building (specific room temperature, 
lights status, etc.). Figure 3 shows one of the new user interfaces of ALZ-MAS 
2.1., where it is shown the positions of the users given by the new locating engine. 
 
Fig. 3 Graphical User Interface of the ALZ-MAS 2.1 
After the inclusion of n-Core into ALZ-MAS, it has been done new experi-
ments to test the improvements made in the context-awareness of ALZ-MAS. This 
way, the new ALZ-MAS 2.1 prototype using new n-Core ZigBee devices and API 
[7] for both locating and telemonitoring tasks was implemented in the same center 
[1] and compared with previous ALZ-MAS 2.0, using both RFID and ZigBee de-
vices. One of these experiments consisted of testing the performance of 
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ALZ-MAS when detecting users accessing to restricted areas according to their 
permissions. ALZ-MAS monitors and locate the patients and guarantees that each 
one of them is in the right place, and secondly, only authorized personnel can gain 
access to the residence protected areas. Figure 4 shows the number of accesses to 
restricted zones detected before the implementation of ALZ-MAS 2.1 with the 
previous release of ALZ-MAS 2.0 during a 30-day period. With the new release of 
ALZ-MAS 2.1 using new ZigBee devices and more accurate locating techniques, 
there is an improvement regarding the previous ALZ-MAS version, increasing 
from 3 to 8 daily detections. Furthermore, thanks to the new innovative locating 
techniques, the number of daily false positives has been reduced from 7 to 0.87. 
Fig. 4 Comparison of the daily number of detected accesses to restricted areas and false 
positives between ALZ-MAS 2.0 and ALZ-MAS 2.1 
4   Conclusions 
ALZ-MAS can improve the security and healthcare efficiency through monitoring 
medical staff’s work and patients’ activities. Context-aware technologies provide 
ALZ-MAS with valuable information about the environment, contributing to a 
ubiquitous and non-invasive interaction among users, the system and the environ-
ment. Thanks to the n-Core platform, the new ALZ-MAS 2.1 improves signifi-
cantly the context information in respect of ALZ-MAS 2.0. Qualitatively, the 
location information is provided as coordinated positions, instead of just which 
room each user is. Quantitatively, security has been clearly improved. Further-
more, infrastructure costs have been reduced in ALZ-MAS 2.1 in relation to 
ALZ-MAS 2.0. Although each RFID transponder is cheaper than a ZigBee device 
used as tag, RFID antennas are quite more expensive than ZigBee devices used as 
readers. Even more, to obtain the same level of precision in the location informa-
tion than the provided by the ZigBee platform, it would be necessary many more 
expensive RFID readers. 
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